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(54)TitIe: DUPLEX PRINTER 


(57) Abstract 

Imaging apparatus for duplex print- 
ing on a substrate having first and second 
sides and a leading edge and a trailing 
edge, the imaging apparatus including a 
first member having an image support sur- 
face adapted to sequentially support first 
and second images thereon, a second mem- 
ber adapted to support the substrate such 
that one side of the substrate engages the 
image support surface, leading edge first, at 
a transfer region and transfer apparatus for 
transferring the first image from the image 
support surface to the first side of the sub- 
strate at the transfer region while at least 
partially fixing the image thereto. The im- 
aging apparatus also includes a waiting sta- 
tion adjacent the second member for receiv- 
ing the substrate after transfer of the first 
image thereto and prior to the transfer o(' 
the second image thereto and an output sta- 
tion for receiving the substrate after com- 
pletion of image transfer thereto. The imag- 
iLnHm^K ^^^"^"f^^PP^tus adjacent the second member operative to receive the substrate directly from the 
second member and selectably deflect the substrate towards the waiting station or the output station for delivery thereto and roller 

£ Z^Jt r I"* S r atl ° n de, !, Venng ? e SubStrate back 10 tht second member - ^ second ™mber is operative to deliver 
the substrate to the transfer region, whereat the second image is transferred to the second side of the substrate. 
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7 
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The present invention relates generally to * 
electrographic imaging svstems JL ^ t0ner 

duplex printing systems and more particularly to 

, P X Panting apparatus for liquid toner 

imaging systems. Orographic 
BACKGROUND OP THE INVENTION 

£ ^cr^sr r tonatic Docuraent zzj 

14 double-sided, copies o r s !IhT ak±n9 dUplSX 

15 involve the use of on! J ^ The ^atus 
" lengthy inversion LZ °* reVersib ^ "Hers, 

» the -J-^^^^^-s': for the ha — - 

18 of making duplex copies L^t T ^ in the course 

19 Dinatale et al ZsZlJ ^ Patent «.«4.794 to 

20 photocopying having first V 

21 which aL Vti^ f r^^^ ,n - t ^ P ^ 

22 duplex copying, united States Pa t l ^ t0 

23 describes a sheet tran Sn !T 5,003,355 to Tanzava 

24 duplex unit of a i^ror t C ° ntr01 aPParatUS f ° r USe in • 

25 transport syste* an d ^ ' ********* including a 
2e driving , otor y s a" sensors A lT t T ^ "* * "*« <* 
« P^or art share the coL on feat^e"'^ in «" 
28 complex, and they all inv o3v T ^ nech anically 
2. relatively length^ aid Z^uZTT^V^ ^ 

30 first side so as to be abll Pr±ntin 9 °" the 

31 ™ Print °" the seoon <* side. 

32 The SUMMARY OP THE INVENTION 
The present invention provides .«»„.«. 

33 duplex printing that is l££L£TT " * " 

34 described in the prior art 9 „ C3ntly sljI1 P 1 ^ than those 

35 invention orovi,' IT <~*"«"y. the 

present 
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1 that is remarkably fast and efficient, and enables printing 

2 on both sides of a sheet of paper without any significant 

3 waiting time. There is therefore provided in accordance with 
the invention imaging apparatus for duplex printing on a 
substrate having first and second sides and a leading edge 

6 and a trailing edge, the apparatus including: 

1 a first member having an image support surface adapted to 

8 sequentially support first and second images thereon; 

9 a second member adapted to support the substrate such 

10 that one side of the substrate engages the image support 

11 surface, leading edge first, at a transfer region; 

12 means for transferring the first image from the image 

13 support surface to the first side of the substrate at the 

14 transfer region while at least partially fusing and fixing 

15 the image thereon; 

16 a waiting station adjacent the second member for 

17 receiving the substrate after transfer of the first image 

18 thereto and prior to the transfer of the second image 

19 thereto; 

20 an output station for receiving the substrate after 

21 completion of image transfer thereto; 

22 deflector means adjacent the second member operative to 

23 receive the substrate directly from the second member and 

24 selectably deflect the substrate towards the waiting station 

25 or the output station for delivery thereto; and 

26 roller means associated with the waiting station for 

27 selectably engaging the trailing edge of the substrate after 

28 the substrate has been delivered to the waiting station and 

29 for delivering the substrate back to the second member, the 

30 second member being operative to deliver the substrate to the 

31 transfer region, whereat the second image is transferred to 

32 the second side of the substrate. 

33 in accordance with a preferred embodiment of the 

34 invention, the second member includes gripping means for 

35 gripping the edge of the substrate which enters the transfer 

36 region first and is adapted for repeatedly engaging the same 

37 side of the substrate with the image support surface, such 
3 8 that at each engagement a different color image is 
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1 transferred thereto. 

2 In accordance with another preferred embodiment of the 

3 invention, the deflector means includes a roller and a set of 

4 wheels engaging the roller and forming a nip through which 

5 the substrate is transported, the set of wheels being 

6 adapted to engage the roller at first and second" positions, 

7 at the first position the angle of release of the substrate 

8 from the nip is such that it is deflected to the waiting 

9 station, and at the second position the angle of release of 

10 the substrate from the nip is such that the it is deflected 

11 to the output tray. 

12 m accordance with yet another preferred embodiment of 

13 the invention, the deflector means includes: 

14 a shaft; 

15 a motorized roller; 

16 pairs of arms joined to each other at a pivot and spring- 

17 loaded with respect to each other at the pivot, one of the 

18 arms fixedly attached to the shaft and the other arm having a 

19 wheel rotatably attached thereto and forming a nip with 
2 0 respect to the roller; and 

21 means for rotating the shaft to first and second 

22 positions, whereby at the first position the deflector means 

23 is operative to deflect the substrate to the waiting station 

24 and at the second position the deflector means is operative 

25 to deflect the substrate to the output station. 

26 m accordance with another preferred embodiment of the 

27 invention, the pairs of arms which are part of the deflector 

28 means are axially distanced from each other along the shaft 

29 and are axially slideable along the shaft. The shaft also 

30 includes stiff ener members axially slideable thereon. 

31 in accordance with another preferred embodiment of the 

32 invention, the deflector means is operative to deflect a 

33 substrate to the waiting station while the roller means is 

34 operative to deliver a different substrate from the waiting 

35 station back to the second member. 

36 m accordance with yet another preferred embodiment of 

37 the invention, the roller means includes a motorized set of 
3B wheels and a roller selectably adapted to engage the trailing 
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1 edge of the substrate at a nip formed with the wheels. in 

2 this embodiment, the roller is in an open, disengaged 

3 position with respect to the wheels prior to the deflection 

4 of a substrate to the waiting station, such that the trailing 

5 edge of the substrate contacts the wheels when it is 

6 deflected to the waiting station, and the roller is in a 

7 closed, engaged position with respect to the wheels when the 

8 substrate is delivered back to the second member. 

9 ^ In accordance with another preferred embodiment of the 

10 invention, the roller means includes: 

11 a base plate having at least one aperture therethrough; 

12 a motorized rotatable shaft having at least one 

13 rubberized wheel mounted thereon and extending through the 

14 aperture ; and 

at least one roller pivotally mounted with respect to the 
plate, and selectably operative to form a nip with respect to 

17 the at least one wheel for delivery of a substrate 

18 therethrough, whereby the at least one roller is in a first 

19 disengaged position with respect to the at least one wheel 

20 prior to the deflection of a substrate to the waiting station 

21 and in a closed, engaged position with respect to the at 

22 least one wheel when the substrate is delivered back to the 

23 second member. 

24 m accordance with another preferred embodiment of the 

25 invention, the imaging apparatus includes means for causing 

26 the engagement of the first sides of sequential substrates 

27 with the image bearing surface for image transfer thereto 

28 prior to causing the engagement of the second sides of 

29 sequential substrates for image transfer thereto. 

30 m accordance with yet another preferred embodiment of 

31 the invention, there is provided apparatus for printing toner 

32 images on both sides of a plurality of sequential substrates, 

33 the apparatus including: 

34 printing means for printing toner images on one side of a 

35 substrate; 

3 6 a waiting station spaced closely to the printing means 

3 7 and adapted for holding only one substrate at any one time 
38 after printing of images on the first side thereof; and 
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1 delivery means associated with the waiting station for 

2 delivering a substrate from the waiting station back to the 

3 printing means for printing on the second side thereof a 

4 first substrate being removed from the waiting station while 

5 another substrate is being delivered to the waiting staticn 

6 after printing on the first side thereof . " 

7 xn accordance with another preferred embodiment of the 

8 -v-txon there is provided a method for printing images ^n 

lol ■ SeC ° nd ° f 8 ^ ential substrates, the method 

comprising the steps of: 

11 (a) printing an image on the first side of a fi«t 

12 substrate; first 

(b) delivering the first substrate to a waiting station; 

15 substriteT " ^ " ^ °* » S ~"t 

16 (d) delivering the subsequent substrate to the waitina 

17 statxon while removing the first substrate therefrom; ? 

19 substr e ateT nting " ^ " ~~ ^ ° f ^ ^ 

20 (f, delivering the first substrate to an output station 

™;ir second substrate fr °* *- ^ 
23 S ub S ^ e r:\ n :;st 9 rate an iKage on the -~ - - 

2< (g) repeating steps (a) - (f, above for . pluralifcy 

25 sequential substrates. P Uty of 

26 m accordance with yet another preferred embodiment of 

oT f r;:r r d is providea a ^ p^LT^es 

28 on first and second sides of sequential substrates IZ 

29 method comprising the steps of substrates, the 

31 substir" 1 " 9 ^ ^ ° n 8Ade - * ««* 

(b) delivering the first substrate to a waiting station- 

33 (c) printing an image on the fir-** - ' 

34 substrate; * S1<3e ° f a su bseguent 

35 (d) delivering the subsequent substrate to the waitina 
station while removing the first substrate therefrom; ' 

II subst:Lr ntln9 anima9e ° nth ~^-of the f irst 
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1 (f) delivering the first substrate to an output station; 

2 (g) printing an image on the first side of a third 

3 substrate ; 

4 (h) delivering the third substrate to the waiting station 

5 while removing the second substrate from the waiting station; 

6 (i) printing an image on the second side of "the second 

7 substrate. 

8 (j) repeating steps (g) - (i) a plurality of times. 

9 There is further provided, in accordance with a preferred 

10 embodiment of the invention, a method for printing images on 

11 first and second sides of sequential substrates utilizing 

12 apparatus having an image bearing roller and an impression 

13 roller forming a nip therebetween, including the steps of: 

14 (a) passing a first substrate through the nip during a 

15 first revolution of the image bearing roller to print an 

16 image on the first side of a first substrate ; 

17 (b) delivering the first substrate to a waiting station; 

18 (c) passing a second substrate through the nip during a 

19 subsequent revolution of the image bearing roller to print an 
2 0 image on the first side of the second substrate; and 

21 (e) passing the first substrate through the nip during 

22 the next revolution of the image bearing roller after the 

23 subsequent revolution to print an image on the second side 

24 of the first substrate. 

25 In a further preferred embodiment of the invention there 

26 is provided a method for printing images on first and second 

27 sides of sequential substrates utilizing apparatus having an 

28 image bearing roller and an impression roller forming a nip 

29 therebetween, including the steps of: 

30 < a ) passing a first substrate through the nip during a 

31 first series of revolutions of the image bearing roller to 

32 print a plurality of color separation images on the first 

33 side of a first substrate; 

34 (b) delivering the first substrate to a waiting station; 

35 (c) passing a second substrate through the nip during a 

36 subsequent revolution of the image bearing roller thereby 

37 printing an image on the first side of the second substrate; 

38 and 
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1 (e) passing the first substrate through the nip during 

2 the next revolution of the image bearing roller after the 

3 subsequent revolution to print an image on the second side 

4 of the first substrate. 

5 in a preferred embodiment of the invention the method and 

6 includes the step of passing the second substrate '' through the 

7 nip at least one time between step (a) and step (c) thereby 

8 to print at least one additional image on the first side of 

9 the second substrate. 

10 Preferably, the first and second images are toner images, 

11 more preferably liquid toner images. 

12 In a preferred embodiment of the invention different 

13 images are printed on the first and second substrates. 

14 BRIEF DESCRIPTION OP THE DRAWINGS 

The present invention will be understood and appreciated 
from the following detailed description, taken in conjunction 

17 with the drawings in which: 

18 Fig. i is a schematic diagram illustrating multi-color 

19 imaging apparatus in accordance with a preferred embodiment 

20 of the invention. 

21 Fig. 2 is a perspective view of substrate deflection 

22 apparatus for duplex printing in accordance with a preferred 

23 embodiment of the invention. 

24 Fig. 3 is a partial side view of the apparatus of Fig a 

25 showing operation of the apparatus of Fig. 2 in deflecting a 

26 substrate to a waiting station. 

27 Fig . 4 is another partial s . de v±ew of apparatus of 

28 Fag. i showing operation of the apparatus of Fig. 2 in 

29 deflecting a substrate to an output station. 

30 Fig. 5 is a perspective view of substrate transport 

31 apparatus for duplex printing in accordance with a preferred 

32 embodiment of the invention. 

33 Fig. 6 is a partial side view of the apparatus of Fig i 

34 showing operation of the apparatus of Figs. 2 and 5 with one 

35 sheet entering'the waiting station while the previous sheet 

36 is removed therefrom. 
37 

38 
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1 DETAILED DESCRIPTION OP PREFERRED EMBODIMENTS 

2 Reference is now made to Fig. 1 which illustrates a 

3 liquid toner multi-color electrographic imaging system in 

4 accordance with a preferred embodiment of the present 

5 invention. 

6 The apparatus of Fig. 1 includes a drum 10 which rotates 

7 in a direction indicated by arrow 11 and which has a 

8 photoconductive surface 12 made of selenium or any other 

9 photoconductor known in the art. As drum 10 rotates, 

10 photoconductive surface 12 passes a charging apparatus 14, 

11 such as a corona, which is operative to charge 

12 photoconductive surface 12 to a generally uniform pre- 

13 determined voltage. Further rotation of drum 10 brings 

14 charged photoconductive surface 12 past an imager 16, 

15 preferably a laser scanner, which is operative to selectively 

16 discharge a portion of the charged photoconductive surface 

17 by the action of incident light so as to form thereon an 

18 electrostatic latent image, the image portions being at a 

19 first voltage and the background portions at a second 

20 voltage. 

21 Continued rotation of drum 10 brings photoconductive 

22 surface 12 bearing the electrostatic latent image into a 

23 development region where the latent image is developed by 

24 means of a liquid toner developer assembly, referenced 

25 generally by numeral 18. Developer assembly 18 includes a 

26 developer roller 20, closely spaced from drum 10, and a 

27 liquid toner spray apparatus 22. Developer roller 20 typical- 

28 ly rotates in the same sense as drum 10, as indicated by 

29 arrow 21, such that the surfaces of drum 10 and developer 

30 roller 20 have opposite velocities at their region of propin- 

31 quity. Developer roller 20 is electrified to a voltage that 

32 is intermediate the voltages on the background and image 

33 portions of the electrostatic latent image on photoconductive 

34 surface 12. 

35 Liquid toner spray apparatus 22 supplies liquid toner, 

36 containing charged toner particles and carrier liquid, to the 

37 area of propinquity between photoconductive surface 12 

38 bearing the latent image and the surface of roller 20. As 


a 
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1 result of the relative differences in voltages between the 

2 surfaces of roller 20 and the image and background areas of 

3 the latent image, toner particles selectively adhere to the 

4 image portions of photoconductive surface 12, and the latent 

5 image is thereby developed. 

6 in a preferred embodiment of the invention, liquid toner 

7 spray apparatus 22 is operative to sequentially provide a 

8 multiplicity of pigmented toners, one for each of the process 

9 colors, with or without black or other colors, as described 

10 in PCT Publication WO 90/14619, the disclosure of which is 

11 incorporated herein by reference. other development 

12 apparatus, as known in the art, can also be utilized in 

13 imaging apparatus incorporating the duplex printing 

14 arrangement of the present invention. 

15 After the latent image has been developed, 

16 photoconductive surface 12 is engaged by an excess liquid 

17 removal assembly 24, such as a squeegee roller, which serves 

18 to compact the toner image, reduce the amount of carrier 

19 liquid therein and remove carrier liquid from the 

20 background areas on photoconductive surface 12. Squeegee 

21 roller 24 is preferably formed of resilient, slightly- 

22 conductive, polymeric material and is charged to a relatively 

23 high voltage with the same polarity as that of the toner 

24 particle charge. 

25 Downstream of squeegee roller 24, photoconductive surface 

26 12 bearing the developed image is engaged by intermediate 

27 transfer member 40, which may be a drum or belt. Intermediate 

28 transfer member 40 preferably has a surface comprising a 

29 resilient slightly conductive polymeric material, and which 

30 may be heated by means of a heater 41. Alternatively or 

31 additionally, intermediate transfer member 40 may be charged 

32 to an electric potential having a polarity opposite that of 
3 3 the developed image. 

34 intermediate transfer member 40 rotates in. a direction 

35 opposite that of drum 10, as shown by arrow 43, such that 

36 there is substantially zero relative motion between their 

37 respective surfaces where they contact. As both drum 10 

38 bearing the developed latent image and intermediate transfer 
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1 member 40 rotate, the developed toner image on 

2 photoconductive surface 12 is transferred to the surface of 

3 intermediate transfer member 40, by electrophoretic transfer 

4 as is well known in the art. 

5 Various types of intermediate transfer members are 3cnown 

6 and are described, for example in U.S. Patent 4,684,238, PCT 

7 Publication WO 90/04216 and U.S. Patent 4,974,027, the dis- 

8 closures of all of which are incorporated herein by refer- 

9 ence. 

10 After the toner image has been transferred from 

11 photoconductive surface 12 to intermediate transfer member 

12 40, the photoconductive surface is engaged by a cleaning 

13 station 4 9 which may be any conventional cleaning station as 

14 is known in the art. A lamp 50 then removes any residual 

15 charge which may remain on the photoconductive surface. Drum 

16 10 then returns to its starting position, ready for 

17 recharging and an additional imaging cycle. 

18 After the developed latent image has been transferred 

19 from photoconductive surface 12 to intermediate transfer 

20 member 4 0 as described above, it is transferred again in a 

21 second transfer procedure from intermediate transfer member 

22 40 to a final substrate 44, such as a sheet of paper. Second 

23 transfer, generally aided by heat and pressure, occurs as 

24 result of the engagement of the surface of intermediate 

25 transfer member 42 with the substrate at a nip 45 formed with 

26 the surface of an impression roller 42. Roller 42 rotates in 

27 a direction opposite that of intermediate transfer member 40, 

28 as indicated by an arrow 47. m a manner more fully 

29 described below, the substrate is fed through nip 45 and the 

30 developed image is transferred to the side of the substrate 

31 facing intermediate transfer member 40. At the point of 

32 transfer, the image is at least partially fused and fixed 

33 upon the final substrate as a result of the application of 

34 heat and pressure at the nip. 

35 Although a wide variety of toners can be used in the 

36 present invention, the preferred toners are those that are 

37 suitable for at least partial fixing at the point of 

38 transfer, for example, the liquid toner of Example l of 
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1 United States Patent 4,842,974. When the preferred liquid 

2 toners are used, the temperature and pressure at transfer to 

3 the substrate is adjusted so that no additional fusing 

4 apparatus is necessary for normal handling of the image. 

5 In an alternative embodiment a powder toner development 

6 system is used. In such a system the characteristics of the 

7 toner and the velocities, temperatures and pressures of the 

8 elements involved are such that, preferably, at least partial 

9 fixing of the image to the paper takes place during second 

10 transfer. 

11 Simultaneous transfer and fusing of liquid toner images 

12 is known and described, for example, in United States Patent 

13 4,708,460, and in PCT Published Application WO 90/4216, the 

14 disclosures of which are incorporated herein by reference. 

15 Substrate 44 is initially fed through nip 45 from a 

16 spring-mounted tray 68 (located to the right of impression 

17 roller 42) which is adapted to hold individual sheets of 

18 paper or any other substrate suitable for receiving the 

19 developed image. The uppermost sheet in tray 68 is engaged by 

20 a roller 70 which, in response to an appropriate control 

21 signal, rotates in a clockwise direction and causes the 

22 uppermost sheet to move laterally in the direction of nip 
2 3 45. The sheet is guided towards the nip by means of a fixed 

24 plate 72 and one or more pairs of wheels which are attached 

25 to plate 72 and to the end of an arm 74 which is pivotally 

26 attached to roller 70. A gripper 76, mounted on impression 

27 roller 42, is operative to grip the leading edge of the 

28 substrate as it is fed to roller 42. The substrate is then 

29 conveyed through the nip in the direction of the rotation of 

30 roller 42. 

31 After the substrate has been transported through nip 45 

32 and the developed image transferred to the substrate, 

33 gripper 76 releases the substrate from engagement with roller 

34 42. In accordance with a preferred embodiment of the 

35 invention, the substrate is then directly conveyed, in a 

36 manner more fully described below, either to an output tray 

37 80 or to a waiting station 82. For multi-color imaging 
3 8 requiring separate image transfer for each of the process 
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1 colors, gripper 76 maintains its grip on the substrate as the 

2 substrate is repeatedly conveyed around impression roller 42 

3 and through nip 45 until all the color images have been 

4 transferred to the substrate, only then does gripper 76 

5 release substrate 44 for transport either to output tray 80 

6 or waiting station 82. 1 

1 Reference is now made also to Fig. 2 which shows a 

8 perspective view of substrate deflection apparatus 81, in 

9 accordance with a preferred embodiment of the present 

10 invention. Deflection apparatus 81 includes a shaft 87 which 

11 is spaced from impression roller 42 by means of spacers 88 

12 which freely rotate about shaft 87. Fixedly attached to shaft 

13 87 are pairs of arms 89 whose opposite end portions are 

14 pivotally attached to pairs of arms 93 at pivots 

15 Rotatably attached to the opposite end portions of 

16 are wheels 90 which engage a motorized roller 86. a spring 
94, at pivot 92, is operative to spring load wheels 90 on the 

18 surface of roller 86. 

" , *" er ****** transfer of the toner images to the side 

20 of the substrate being printed, gripper 76 opens and 

21 releases the substrate at a point just above a stripper 91 

22 as shown in Fig. 2. The substrate is thus directed away from 

23 the surface of impression roller 42 and along the face of 

24 stopper 91, in the direction of the nip defined by roller 

25 86 and wheels 90. With roller 86 rotating as shown, the 

26 substrate is drawn through the nip and is deflected by the 

27 actxon of the nip either to waiting station 82 (as shown in 

28 Fag. 3) or to output tray 80 (as shown in Fig. 4). A groove 

haft" I, 3 " " all ° WS ^ 3X131 «~"*»*- <* ^ 89 "along 

31 suLl:i s . so as tobetter — <• — — - 

When it is desired to print an image on the second side 


92. 
arms 93 

A 


32 


33 of the substrate, the substrate is deflected to waiting 

34 statin 82, as shown in Fig. 3. In such event, prior to the 

36 slioh^ 0fthS SUbStratS 9riPPer ?6 ' Shaft 87 ls rotated 

36 sightly in a counter-clockwise direction, which results in 

37 the extension of arms 89 and 93 at pivot 92 such that the 

38 effective angle between arms 89 and 93 is close to 180° 
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1 This extension of arm 93 results in a displacement of wheels 

2 90 along the surface of roller 86 in a direction away from 

3 impression roller 42. When the substrate is drawn through the 

4 nip defined by roller 86 and wheels 90, the angle of release 

5 is such that substrate 44 is conveyed to waiting station 82, 

6 as shown in Pig 3. The final delivered position of substrate 

7 44 is indicated by reference number 44A. Note that the 

8 trailing edge of the substrate lies on wheels 102, whose 

9 function is described below in conjunction with Figs. 5 and 

10 6. 

11 When image transfer to the substrate has been completed 

12 (e.g., when printing on both sides of the substrate is 

13 complete, or single side printing is desired) , the substrate 

14 is deflected to output tray 80, as shown in Fig. 4. In such 

15 event, prior to the release of the substrate from gripper 76 

16 shaft 87 is rotated slightly in a clock-wise direction, which 

17 results in a closing of arms 89 and 93 at pivot 92 such that 

18 the effective angle between them is close to 90°. This 

19 closing results in an upwards displacement of wheels 90 on 

20 the surface of roller 86. When the substrate is drawn through 

21 the nip defined by roller 86 and wheels 90, the angle of 

22 release is such that substrate 44 is conveyed to output tray 

23 80, as shown in Fig. 4. 

24 A pair of partial rings 95 are situated along roller 86 

25 (but do not rotate with roller 86) as shown in Fig. 2 to 

26 provide for a slight bending of the sides of substrate 44 as 

27 it engages roller 86, thereby increasing its apparent 

28 stiffness and assuring that it is properly deflected to 

29 output tray 80. Partial rings 95 are positioned so that they 

30 do not engage substrate 44 when the substrate is to be 

31 delivered to the waiting station, since the additional 

32 stiffening would inhibit the required bending of the 
3 3 substrate as it leaves the nip. Rings 95 are slideable along 

34 the surface of roller 86 to accommodate different substrate 

35 sizes. 

36 Reference is now made also to Fig. 5 which shows a 

37 perspective view of substrate transport apparatus for duplex 

38 printing, referenced generally by numeral 78, in accordance 
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1 with a preferred embodiment of the invention. Transport 

2 apparatus 78 preferably includes a set of rubberized wheels 

3 102 which are mounted on a motorized shaft 79 and which 

4 protrude through apertures 101 in a plate 100, laterally 

5 spaced between impression roller 42 and waiting station 82. 

6 Pivotally attached to plate 78 is a curved arm 104, and 

7 attached to the opposite end portion of arm 104 is a rod 106. 

8 Rod 106 has a set of freely-rotating knurled wheels 103 

9 thereon which are in alignment with wheels 102. 

10 when the substrate is delivered to waiting station 82, 

11 arm 104 is in an "upper" open position, as shown in Figs. 3 

12 and 5, and what was the trailing edge of the substrate falls 

13 upon wheels 102. Upon an appropriate signal, arm 104 pivots 

14 to a "closed", lower position, as shown in Fig. 6, and the 

15 edge of the substrate is then held within a nip defined by 

16 wheels 102 and wheels 103. Motorized shaft 79 and wheels 102 

17 then rotate in a clock-wise direction as shown and transport 

18 the substrate through the nip to impression roller 42. 

19 Alternatively wheels 102 rotate continuously but only move 

20 the paper when arm 104 is closed. 

21 The delivery of the substrate to impression roller 42 is 

22 timed such that gripper 76 is appropriately located to 

23 receive the edge of the substrate as it reaches roller 42. 

24 Preferably, the rotation rate of wheels 102 is such that the 

25 paper moves faster than the surface of roller 42. This has a 

26 twofold advantage. Firstly, the timing of the closing of arm 

27 104 is less critical, since the arm can be closed late 

28 allowing the substrate to buckle as shown in Fig. 6. 

29 Secondly, the resulting buckle improves the alignment by 

30 allowing the edge of the paper to butt against the grippers. 

31 To aid the proper placement of the paper in the gripper arms 

32 a guide 60 closely spaced from roller 42 is provided. 

33 The substrate is then fed around impression roller 42 and 

34 through nip 45. It will be appreciated that in this pass 

35 through nip 45, it is the second side of the substrate which 
3 6 faces intermediate transfer member 42, and duplex image 

37 transfer is thereby attained. Since the leading edge of the 

38 substrate during duplex transfer had been the trailing edge 
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1 during llB age transfer to the first side, the image 

2 transferred to the duplex side must be inverted in order to 

3 maintain the same orientation on both sides of the substrate 

4 It is a specific feature of some embodiments of the 

5 Present invention that no more than one substrate is located 

6 within waiting station 82 at any one time. As shown in Pig. 
. 7 6, the apparatus is configured such that a substrate 44- 

8 which has been in waiting station 82 is transported back to 

9 roller 42 for duplex printing at the same time that another 

10 substrate 44" is being delivered to waiting station 82. in 

11 this manner, the apparatus is in almost constant operation 

~t ^ W :r ed r ° tatl0nS - ThUS ' ~ Mention 

13 allows for continuous duplex printing without complicated re- 

14 feed mechanisms or multi-sheet buffer storage. As a result 
16 Z ° f J— « °ther problems causing M 

16 interruption in operation, no more than two sheets need be 

17 discarded or reprinted when the system is restarted 

" <.„ " Wil1 alS ° bS a PP reci ^ed that the invention affords 

20 l^T ° f b0th Sin9le Sided dUpleX * rinti ^ -d 

20 » the context of duplex printing, several different printing 

21 sequences are possible. 9 

22 in a first preferred embodiment of the invention which 

23 maximizes the efficiency of the apparatus, the first side ^ 

24 a "rst substrate is printed and the substrate is deliver!! 

25 to waiting station 82. Then the first side of a slclnd 

26 substrate is printed. While this substrate is being 

82, the first substrate is 


substrate is printed. While this substrate iTbe^g 
27 to waiting station 82, the first substrate is removed 

T" del±Vered tD lnPreSSi ° n *« Prating 

on its second s^d u>^-i~ 9 


29 
30 


second side. While the first substrate i s bei „g 

- fro 1V \T t0 ^ ° UtPUt ~«* remove! 

31 from the waiting station and delivered to the impression 

ITZ for /: inting on its second slde - The — ^ESS 

33 is then delivered to the output tray. This process is 

3 repeated until all the required prints are completed. 
35 m « second preferred embodiment of the invention which 

6 maximizes the efficiency of the apparatus, the first side of 

37 a first substrate is printed and the substrate is delivered 

33 to waiting station 82. Then the first side of a secL d 
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1 substrate is printed. While this substrate is being delivered 

2 to waiting station 82, the first substrate is removed 

3 therefrom and delivered to the impression roller for pr-inting 

4 on its second side. While the first substrate is being 

5 delivered to the output tray, the third substrate is 

6 delivered to the apparatus for printing on its first side, 

7 followed by printing of the second side of the second 

8 substrate. This process of alternately printing the second 

9 side of a substrate in the waiting station and the first side 

10 of a new substrate continues until all the required prints 

11 are completed. 

12 It should be understood that the prints on any two 

13 succeeding substrates need not be the same. In fact, the 

14 duplexer of the present invention is especially suitable for 

15 electronic collation in which a number of successive pages 

16 are printed with different images to form a set which is then 

17 bound by an optional finisher and delivered from the printer. 

18 The images to be printed are preferably stored in a fast 

19 memory and are successively delivered to the laser imager for 
2 0 forming the successive images on the surface of drum 10. 

21 It will be appreciated by persons skilled in the art that 

22 the present invention is not limited to what has been partic- 

23 ularly shown and described hereinabove. Rather, the scope of 

24 the present invention is defined only by the claims that 

25 follow: 
26 

27 

28 

29 

30 

31 

32 

33 
34 
35 
36 
37 
38 
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1 CLAIMS 

2 1. Imaging apparatus for duplex printing on a substrate 

3 having first and second sides and a leading edge and a 

4 trailing edge, the apparatus comprising: 

5 a first member having an image support surface adapted to 

6 sequentially support first and second images thereon; 

7 a second member adapted to support the substrate such 

8 that one side of the substrate engages the image support 

9 surface, leading edge first, at a transfer region; 

10 means for transferring the first image from the image 

11 support surface to the first side of the substrate at the 

12 transfer region while at least partially fixing th e iMA g e 

13 thereto; g 

14 a waiting station adjacent the second member for 

15 receiving the substrate after transfer of the first image 

16 thereto and prior to the transfer of the second image 

17 thereto ; * 

18 an output station for receiving the substrate after 

19 completion of image transfer thereto; 

20 deflector means adjacent the second member operative to 

21 receive the substrate directly from the second member and 

22 selectably deflect the substrate towards the waiting station 

23 or the output station for delivery thereto; and 

24 roller means associated with the waiting station for 

25 selectably engaging the trailing edge of the substrate after 

26 the substrate has been delivered to the waiting station and 

27 for delivering the substrate back to the second member, the 

28 second member being operative to deliver the substrate to the 

29 transfer region, whereat the second image is transferred to 
3 0 the second side of the substrate. 

31 

32 2. Apparatus according to claim 1 wherein the second member 

33 further comprises gripping means for gripping the edge of the 

34 substrate which enters the transfer region first. 
35 

36 3. Apparatus according to claim 1 wherein the second member 

37 xs adapted for repeatedly engaging the same side of the 

38 substrate with the image support surface, such that at each 
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9 


1 engagement a different color image is transferred thereto. 
2 

3 4. Apparatus according to claim 1 wherein the deflector 

4 means comprises a roller and a set of wheels engaging the 

5 roller and forming a nip through which the substrate is 

6 transported, the set of wheels adapted to engage^ the roller 

7 at first and second positions, at the first position the 

8 angle of release of the substrate from the nip is such that 
it is deflected to the waiting station, and at the second 

10 position the angle of release of the substrate from the nip 

11 is such that the it is deflected to the output tray. 
12 

13 5. Apparatus according to claim 1 wherein the deflector 

14 means comprises : 

15 a shaft; 

16 a motorized roller; 
at least one pair of arms joined to each other at a pivot 

and spring-loaded with respect to each other at the pivot, 
one of the arms fixedly attached to the shaft and the other 
arm having a wheel rotatably attached thereto and forming a 

21 nip with respect to the roller; and 

22 means for rotating the shaft to first and second 

23 positions, whereby at the first position the deflector means 

24 is operative to deflect the substrate to the waiting station 

25 and at the second position the deflector means is operative 

26 to deflect the substrate to the output station. 
27 

28 6. Apparatus according to claim 5 wherein the at least one 

29 pair of arms comprises at least two pairs of arms axially 

30 distanced from each other with respect to the shaft. 
31 

32 7. Apparatus according to claim 6 wherein the at least one 

33 pair of arms is axially slideable along the shaft. 
34 

35 8. Apparatus according to claim 5 wherein the roller further 

36 includes stiff ener members axially slideable thereon. 
37 

38 9. Apparatus according to claim 1 wherein the deflector 


17 
18 
19 
20 
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1 means is operative to deflect a substrate to the waiting 

2 station while the roller means is operative to deliver a 

3 different substrate from the waiting station back to the 

4 second member, 
5 


6 10. Apparatus according to claim 1 wherein the roller means 

7 comprises a motorized set of wheels and a roller selectably 
adapted to engage the trailing edge of the substrate at a nip 


9 formed with the wheels 
10 


11 

12 


11. Apparatus according to claim 10 wherein the roller is 
adapted to be in an open, disengaged position with respect to 

13 the wheels prior to the deflection of a substrate to the 

14 waiting station, whereby the trailing edge of the substrate 

15 contacts the wheels when it is deflected to the waiting 

16 station, and in a closed, engaged position with respect to 

17 the wheels when the substrate is delivered back to the second 


18 member 
19 


20 12. Apparatus according to claim 1 wherein the roller means 

21 comprises: 


a base plate having at least one aperture therethrough; 


22 

- -x- - w^icuu uugn; 

a motorized rotatable shaft having at least one 

24 rubberized wheel mounted thereon and extending through the 

25 aperture; and 

26 at least one roller pivotally mounted with respect to the 

27 plate, and selectably operative to form a nip with respect to 

29 there t r M *" ° f * Strata 

29 therethrough, whereby the at least one roller is in a first 

30 disengaged position with respect to the at least one wheel 

31 prior to the deflection of a substrate to the waiting station 
and in a closed, engaged position with respect to the at 

33 least one wheel when the substrate is delivered back to the 

34 second member. 
35 

36 13. Apparatus according to claim 1 and including means for 

37 causing the engagement of the first sides of sequential 

38 substrates with the image bearing surface for image transfer 
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1 thereto prior to causing the engagement of the second sides 

2 of sequential substrates for image transfer thereto. 
3 

4 14. Paper delivery apparatus for a duplex printer comprising: 

5 a shaft ; 

6 a motorized roller spaced from the shaft; 

7 at least one pair of arms joined at a pivot and spring 

8 loaded with respect to each other at the pivot, one end 

9 portion of the pair of arms fixedly attached to the shaft and 
the opposite end portion having a wheel rotatably attached 
thereto and defining a nip with respect to the roller; 

12 means for transporting a substrate through the nip; 

13 a waiting station and an output station adapted to 

14 receive the substrate upon exiting from the nip; and 

15 means for selectably rotating the shaft to first and 

16 second positions, such that at the first position the sub- 

17 strate exits from the nip to the waiting station and at the 

18 second position the substrate exits from the nip to the 

19 output station. 
20 

21 15. Apparatus according to claim 14 wherein the at least one 

22 pair of arms comprises at least two pairs of arms axially 

23 distanced from each other with respect to the shaft. 
24 

25 16. Apparatus according to claim 14 wherein the at least one 

26 pair of arms is axially slideable along the shaft. 
27 

28 17. Apparatus according to claim 14 wherein the roller 

29 further includes stiffener members axially slideable thereon. 

30 

31 18. Apparatus according to claim 14 wherein rotation of the 

32 shaft to the first position causes movement of the wheel 

33 along the roller so that the angle of release of the 

34 substrate from the nip is such that it is deflected to the 

35 waiting station, and rotation of the shaft to the second 

36 position causes reverse movement of the wheel along the 

37 roller so that the angle of release of the substrate from 

38 the nip is such that it is deflected to the output station. 
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3 
4 

5 substrate; 
6 
7 
8 


2 19. Apparatus for printing toner images on both sides of a 
plurality of sequential substrates comprising: 

printing means for printing toner images on one side of a 
itrate ; 

a waiting station spaced closely to the printing means 
7 and adapted for holding only one substrate at any one time 

after printing of images on the first side thereof; and 
o ^T^ 11 ^ " ,eanS associated ^th the waiting station for 
0 delivering a substrate from the waiting station hack to the 
11 printing means for printing on the second side thereof, a 
' ' f xrst substrate being removed from the waiting station while 
another substrate is being delivered to the waiting station 
after printing on the first side thereof. 

17 se^onr""" aCC ° rding ^ claim 1 wherein the first and 
17 second images are toner images. 


10 


12 
13 
14 
15 


19 21. Apparatus according to claim 1 wherein the first and 

20 second images are liquid toner images. 


21 

22 2 2 Apparatus according to claim i 9 wherein the toner images 

23 are liquid toner images, * . 
24 

25 23 Apparatus according to claim 1 and including means for 

26 printing Afferent iaages on ^ ■ " 


27 substrates. 
28 


first and second 


30 9 prin^rT;; acco ^ ^ ^» » include neans for 

30 printing different images on the first and second substrates. 

32 25. A method for printing images on first and second sides of 

33 sequential substrates comprising the steps of: 

35 S ubstr a ater ntin9 " side . of a first 

(b) delivering the first substrate to a waiting station; 

38 substrate;" 9 " ^ " ^ ^ °* * 


SUBSTiTUTS SHEET 


WO 93/04409 


- 22 - 


PCT/NLS1/00151 


1 (d) delivering the subsequent substrate to the waiting 

2 station while removing the first substrate therefrom; 

3 (e) printing an image on the second side of the first 

4 substrate ; 

5 (f ) delivering the first substrate to an output station 

6 while removing the second substrate from the waiting station; 

7 (9) printing an image on the second side of the 

8 subsequent substrate. 

9 (g) repeating steps (a) - (f) above for a plurality of 
10 sequential substrates. 

11 

12 2 6. A method for printing images on first and second sides of 

13 sequential substrates comprising the steps of: 

14 f a ) printing an image on the first side of a first 

15 substrate; 

16 (b) delivering the first substrate to a waiting station; 

17 ( c > printing an image on the first side of a subsequent 

18 substrate ; 

19 < d > delivering the subsequent substrate to the waiting 

20 station while removing the first substrate therefrom; 

21 ( e ) printing an image on the second side of the first 

22 substrate; 

23 (f) delivering the first substrate to an output station; 

24 <9> printing an image on the first side of a third 

25 substrate; 

26 (h) delivering the third substrate to the waiting station 

27 while removing the second substrate from the waiting station; 

28 C 1 ) printing an image on the second side of the second 

29 substrate. 

30 (j) repeating steps (g) - (i) a plurality of times. 
31 

32 27. A method for printing images on first and second sides of 
3 3 sequential substrates utilizing apparatus having an image 

34 bearing roller and an impression roller forming a nip 

35 therebetween, comprising the steps of: 

36 ( a > passing a first substrate through the nip during a 

37 first revolution of the image bearing roller to print an 

38 image on the first side of a first substrate; 
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1 (b) delivering the first substrate to a waiting station; 

2 (c) passing a second substrate through the nip during a 

3 subsequent revolution of the image bearing roller to print an 

4 image on the first side of the second substrate; and 

5 (e) passing the first substrate through the nip during 

6 the next revolution of the image bearing roller^ after the 

7 subsequent revolution to print an image on the second side 

8 of the first substrate. 


9 

10 28 


A method for printing images on first and second sides of 

11 sequential substrates utilizing apparatus having an image 

12 bearing roller and an impression roller forming a nip 

13 therebetween, comprising the steps of: 

" (a) passing a first substrate through the nip during a 

15 first series of revolutions of the image bearing roller to 

16 print a plurality of color separation images on the first 

17 side of a first substrate; 

18 (b) delivering the first substrate to a waiting station; 

19 (c) passing a second substrate through the nip during a 

20 subsequent revolution of the image bearing roller to print an 

21 image on the first side of the second substrate; and 

22 (e) passing the first substrate through the nip during 

23 the next revolution of the image bearing roller after the 

24 subsequent revolution to print an image on the second side 

25 of the f xrst substrate. 
26 

27 29. A method according to claim 28 and including the step of 

28 passing the second substrate through the nip at least one 

29 time between step (a) and step (c) thereby to print at least 
3 0 one additional image on the first side 

31 substrate. the SeC ° nd 

32 

33 30. A method according to claim 25 wherein the fi rst an d 

34 second images are toner images. 
35 

36 31. A method according to claim 26 wherein the first and 

37 second images are toner images. 
38 
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1 32. A method according to claim 27 wherein the first and 

2 second images are toner images. 


3 


4 33. A method according to claim 28 wherein the first and 

5 second images are toner images. 

6 - 

7 34. A method according to claim 25 wherein different images 

8 are printed on the first and second substrates. 
9 

10 35. A method according to claim 26 wherein different images 

11 are printed on the first and second substrates. 
12 

13 3 6. A method according to claim 27 wherein different images 

14 are printed on the first and second substrates. 
15 

16 37. A method according to claim 28 wherein different images 

17 are printed on the first and second substrates. 


18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 
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